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(54) SWING ANALYZING METHOD AND DEVICE THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To analyze a swing without restricting joint 
motion by measuring a dynamic vector by setting individual coordinate 
systems on both sides in the vicinity of a joint at swinging time, and 
analyzing a swing by determining a joint angle from a relative angle 
between both coordinate systems. 

SOLUTION: An acceleration sensor 1 is installed on a ring-shaped 
supporter 5, and an acceleration sensor 2 is installed on a glove 6, 
respectively to be respectively installed on a front arm in the vicinity of 
a wrist and the back of a hand to measure an angle of the wrist at 
swinging time. That is, X, Y, Z axes of the acceleration sensor 1 are used 
as a reference coordiante system, and X\ Y\ Z' axes of the acceleration 
sensor 2 are used as a motional coordiante system to express motion of I 
the wrist as the positional relationship between both coordiante 
systems. A palm back bending angle &phiv; and an ulnoradial bending 
angle 6 are calculated. A swing is photographed by a video camera to 
determine a joint angle. A measuring result and the joint angle are 
compared and examined to thereby analyze the swing without restricting 
joint motion. 
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[Claim(s)] 

[Claim 1] In athletic sports which hit a ball with the above-mentioned game tools by 
swinging game tools grasped by hand Set up system of coordinates according to 
individual respectively on both sides of the joint [ / near a contestant's joint ] 
concerned during swing, and a dynamic vector is measured. A swing analysis method 
characterized by asking for an angle of the above-mentioned joint and analyzing swing 
of the above-mentioned contestant with this angle when a vector in both sides of this 
joint asks for whenever [ between the two above-mentioned system of coordinates / 
angular relation ] as an equal. 

[Claim 2] A swing analysis method according to claim 1 characterized by measuring a 
dynamic vector near the part which hits a ball in the above-mentioned game tools 
during swing, asking for the moment game tools hit a ball based on this measurement 
value, and asking for an angle of a joint in that moment. 

[Claim 3] The above-mentioned joint is the swing analysis method according to claim 
1 or 2 characterized by being the joint of a contestant's wrist. 

[Claim 4] For the above-mentioned athletic sports, 3 is [ claim 1 which is golf and is 
characterized by asking for an angle of a joint of right-and-left both wrists thru/or ] 
the swing analysis method of a publication either. 

[Claim 5] For the above-mentioned vector, 4 is [ claim 1 characterized by including 
speed, acceleration, angular velocity, angular acceleration, or a position vector ; 
thru/or ] the swing analysis method of a publication either. 

[Claim 6] claim 1 thru/or either of 5 — a record medium which recorded procedure for 
performing an operation procedure for asking for an angle of a joint in a swing analysis 
method of a publication based on a vector measured on both sides of the 
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above-mentioned joint by computer and in which computer reading is possible. 
[Claim 7] Athletic sports which hit a ball with the above-mentioned game tools by 
swinging game tools which are characterized by providing the following, and which 
were grasped by hand A 1st and 2nd measurement means to be respectively attached 
in both sides of the joint [ /, near the joint of a contestant under swing] concerned, 
and to measure a dynamic vector respectively A joint angle detection means by which 
set system of coordinates according to individual as both sides of the 
above-mentioned joint respectively, and a vector in both sides of the joint concerned 
calculates an angle of the above-mentioned joint in quest of whenever [ between the 
two above-mentioned system of coordinates / angular relation ] from a measurement 
value of the above-mentioned 1st and 2nd measurement means as an equal 
[Claim 8] It is swing analysis equipment according to claim 7 which is equipped with a 
3rd measurement means to be attached near the part which hits a ball in the 
above-mentioned game tools, and to measure a dynamic vector, and is characterized 
by the above-mentioned joint angle detection means asking for an angle of a joint in 
the moment game tools hit a ball based on a measurement value of the 3rd 
measurement means. 

[Claim 9] It is swing analysis equipment according to claim 7 or 8 which the 
above-mentioned vector is acceleration and is characterized by the above 1 st thru/or 
the 3rd measurement means consisting of an acceleration sensor respectively. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is set to various athletic sports, such as golf 
which swings game tools and hits a ball, analyzes swing in quest of the angle (at the 
joint of a wrist, it is the angle of a hand and a forearm to make) of the joint of the 
contestant under swing, and relates to the swing analysis method used in order to 
perform correction of swing etc. so that the angle of this joint may turn into a suitable 
angle, and its equipment. 
[0002] 

[Description of the Prior Art] It is said that golf is a national sport covering the whole 
life, and the golf-playing population in current our country is presumed to be a thing 
exceeding 10 million people. By the practice method for which it depended only on 
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experience and intuition like before, it is becoming clear that there is a limit in carrying 
out a skill rise efficiently with the increment in the starting game population. Not only 
in golf but in all sports, it is an important technical problem whether a skill rise can be 
carried out, if a dynamic motion of a contestant is measured and what kind of motion 
is carried out. 

[0003] By the way, measurement of an articular movement (for example, relative 
motion between a hand and a forearm) is required for actuation of human being or the 
analysis of action. What is depended on the optical technique which used the video 
camera etc., or a magnetometric sensor as a thing of a non-contact type as the 
conventional joint angle measurement method is mentioned. Moreover, there is a 
goniometer which used electric resistance with a rotating type electrical degree meter 
or elasticity as a thing of a contact process. The optical technique can measure 
movement of human being now quite correctly with improvement in the engine 
performance of a camera, or an advance of the analysis method of an image. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the above-mentioned optical 
technique, since a measurable part is restricted to the range which is visible from 
outside, while the object part tends to be restricted, the marker who becomes the 
mark of image analysis hides, it becomes immeasurable by gap of a marker etc., or 
there is a problem to which measurement precision falls. Moreover, in the 
measurement using a magnetometric sensor, when there are some which affect 
measurement within the limits at MAG, such as a metal, there is a problem that exact 
measurement cannot be performed. Moreover, although such technique has the 
advantage that it is non-contact, there is a problem that an action range is limited. 
Furthermore, since the measurement by the electrical degree meter or electric 
resistance equipped along with a joint, there was [ a problem of an articular movement 
having been restrained or being easy to damage a meter to a rapid articular 
movement ]. 

[0005] Then, this invention person examined how to measure change of the joint angle 
under swing of various athletic sports, such as golf, by equipping with the sensor 
which can measure dynamic vectors, such as an acceleration sensor. 
[0006] 

[Means for Solving the Problem] Namely, this invention solves the above-mentioned 
technical problem, and aims at offering little swing analysis methods, such as 
constraint of an articular movement, and equipment of those in a measurement 
method of a contact process. Therefore, a swing analysis method of claim 1 of this 
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invention In athletic sports which hit a ball with the above-mentioned game tools by 
swinging game tools grasped by hand Set up system of coordinates according to 
individual respectively on both sides of the joint [ / near a contestant's joint ] 
concerned during swing, and a dynamic vector is measured. By asking for whenever 
[ between the two above-mentioned system of coordinates / angular relation ] as an 
equal, a vector in both sides of this joint asks for an angle of the above-mentioned 
joint, and is characterized by analyzing swing of the above-mentioned contestant with 
this angle. 

[0007] A swing analysis method of claim 2 is characterized by measuring a dynamic 

vector near the part which hits a ball in the above-mentioned game tools during swing, 

asking for the moment game tools hit a ball based on this measurement value, and 

asking for an angle of a joint in that moment in a method of claim 1 . 

[0008] A swing analysis method of claim 3 is characterized by the above-mentioned 

joint being a joint of a contestant's wrist in a method of claims 1 or 2. 

[0009] a swing analysis method of claim 4 — claim 1 thru/or either of 3 — in a method 

of a publication, the above-mentioned athletic sports are golf, and it is characterized 

by asking for an angle of a joint of right-and-left both wrists. 

[0010] A swing analysis method of claim 5 is characterized by the above-mentioned 
vector containing speed, acceleration, angular velocity, angular acceleration, or a 
position vector in claim 1 thru/or any of 4 or a method of a publication. 
[001 1] a record medium of claim 6 — claim 1 thru/or either of 5 — in a swing analysis 
method of a publication, it is the record medium which recorded procedure for 
performing an operation procedure for asking for an angle of a joint based on a vector 
measured on both sides of the above-mentioned joint by computer and in which 
computer reading is possible. 

[0012] In athletic sports which hit a ball with the above-mentioned game tools when 
swing analysis equipment of claim 7 swings game tools grasped by hand A 1st and 2nd 
measurement means to be respectively attached in both sides of the joint [ / near the 
joint of a contestant under swing ] concerned, and to measure a dynamic vector 
respectively, It is characterized by having a joint angle detection means by which set 
system of coordinates according to individual as both sides of the above-mentioned 
joint respectively, and a vector in both sides of the joint concerned calculates an 
angle of the above-mentioned joint in quest of whenever [ between the two 
above-mentioned system of coordinates / angular relation ] from a measurement 
value of the above-mentioned 1st and 2nd measurement means as an equal. 
[0013] It has a 3rd measurement means swing analysis equipment of claim 8 is 
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attached in a configuration of claim 7 near the part which hits a ball in the 
above-mentioned game tools, and measure a dynamic vector, and the 
above-mentioned joint angle detection means is characterized by to ask for an angle 
of a joint in the moment game tools hit a ball based on a measurement value of the 3rd 
measurement means. 

[0014] In a configuration of claims 7 or 8, the above-mentioned vector of swing 
analysis equipment of claim 9 is acceleration, and it is characterized by the above 1st 
thru/or the 3rd measurement means consisting of an acceleration sensor respectively. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation at the time of 
applying this invention to the analysis method of golf swing and its equipment is 
explained, referring to a drawing. In the analysis of swing, although it is a problem 
whether its attention is paid to movement of which part a contestant's body, the thing 
most important for a sport called golf is how to fly a ball straightly, and, for that 
purpose, it must be straightly suitable to the printing direction of a ball and the ball 
which a club head makes its aim at the moment of the impact of a club head. 
[0016] In that case, although various elements are involved for making an arm head 
straight, there is a motion of a wrist as one of them. So, in the experiment in the 
gestalt of this operation, as shown in drawing 1 , the angle of the wrist under golf swing 
was measured by equipping the back of the forearm [ / near the wrist ] 3, and a hand 
4 with two acceleration sensors 1 and 2 (the 1 st and 2nd measurement means) 
respectively. In addition, when an acceleration sensor 2 equipped a glove 6 with 
installation, a supporter 5, and a glove 6, it enabled it to equip with acceleration 
sensors 1 and 2, while attaching the acceleration sensor 1 on the ring-like supporter 5. 
[001 7] Thus, the degree which restrains a wrist also decreases by using a supporter 5 
and a glove 6 by being able to detach and attach acceleration sensors 1 and 2 easily, 
and forming a supporter 5 and a glove 6 separately. In addition, you may make it attach 
the both sides of acceleration sensors 1 and 2 in the long glove which unified the 
supporter 5 and the glove 6 in fact. 

[0018] In the experiment, the electrostatic-capacity mold 3 shaft acceleration sensor 
(C3A-02-30: Sumitomo Precision Products Co., Ltd. make) whose magnitude is 
54x53x1 6mm and whose weight is 65g was used as acceleration sensors 1 and 2. This 
acceleration sensor decomposes into 3 shaft components of X, Y, and Z, can detect 
the acceleration which joined the body using change of electrostatic capacity, and has 
high shock resistance. In addition, if the acceleration of 3 shaft orientations of X, Y, 
and Z is measurable when actually enforcing this swing analysis method, the thing of 



5 



arbitration can be used as acceleration sensors 1 and 2. 

[0019] Moreover, as shown in drawing 2 , in order to detect the moment of the impact 
which hits the golf ball which a golf club 7 does not illustrate, it equipped with the 
acceleration sensor 8 (the 3rd measurement means) which can measure the 
acceleration of 1 shaft orientations near the club head 7a. As this acceleration sensor 
8, magnitude equipped with 33x15x4mm and a micro piezoresistance mold 1 shaft 
acceleration sensor (product made from 3028 - 020:IC SENSORS) in the experiment. 
[0020] The features of this acceleration sensor 8 are that an acceleration detection 
range is as wide range as **20G, and that there is high shock resistance. It is because 
it was expected that the reason using this acceleration sensor required quite big 
acceleration for a club head. In addition, in case this swing analysis method is actually 
enforced, 1 shaft acceleration sensor of arbitration, 3 shaft acceleration sensor, etc. 
can be used as an acceleration sensor 8 with which a club head is equipped. 
[0021] Since a hand 4 can consider the joint of a wrist to be a turnable biaxial joint to 
the vertical direction and a longitudinal direction to a forearm 3, the measurement 
method of the articular movement of a biaxial joint is considered here, at this time, it 
was shown in drawing 1 — as — two acceleration sensors 1 and 2 — the Z-axis 
equips so that a Y-axis may come to the longitudinal direction of the back of a 
forearm 3 and a hand 4 and the X-axis may come in the vertical direction of the back 
of a forearm 3 and a hand 4 to the cross direction of the back of a forearm 3 and a 
hand 4. 

[0022] The dorsal flexion (upward crookedness) of a wrist and palmar flexion 
(downward crookedness) can express rotation of the circumference of a Y-axis, ulnar 
flexion (outward crookedness), and **** (crookedness of the inner sense) as rotation 
of the circumference of the Z-axis. moreover — a wrist — an elbow — a side — a 
forearm — three — having equipped — an acceleration sensor — one — X — Y — 
the Z-axis — standard coordinates — ** — carrying out — a hand — four — a shell 
— having equipped — an acceleration sensor — two — X — ' — Y — ' — Z — ' — a 
shaft — movement system of coordinates — carrying out . Movement of a wrist is 
expressed by the physical relationship of these two system of coordinates at this time. 
[0023] Here, the rotation of two system of coordinates is expressed noting that only 
phi (refer to drawing 3 ) rotates movement system of coordinates about the Y-axis of 
standard coordinates and only theta (refer to drawing 4 ) makes it rotate about Z' 
shaft of the movement system of coordinates after rotation further from the condition 
whose movement system of coordinates shown in drawing 1 corresponded with 
standard coordinates, the palm hereafter described above — the calculation method 
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of the dorsal flexion angle phi (angle of rotation of the vertical direction of the hand 4 
to a forearm 3) and ******** theta (angle of rotation of the longitudinal direction of a 
hand 4 to a forearm 3) is explained. The rotational transform matrix when rotating the 
movement system of coordinates of drawing 1 first from the condition which was in 
agreement with standard coordinates about the Y-axis of standard coordinates and Z' 
shaft of movement system of coordinates is searched for. 

[0024] First, the rotational transform matrix which only phi rotates about the Y-axis of 
standard coordinates (the X-axis moves to X1 shaft, and the Z-axis moves to Z' shaft 
in drawing 3 ) is given by (1) formula of several 1 inside, and only theta rotates it about 
T shaft of movement system of coordinates (in drawing 4 ). A Y-axis is X1 to Y* shaft. 
A rotational transform matrix when a shaft makes it move to X' shaft is given by (2) 
formulas of several 1. Therefore, the rotational transform matrix Ryz when rotating in 
this sequence can be given by (3) formulas of several 1 inside from this (1) and (2) 
type. 

[0025] Next, X of X of the acceleration a measured by the acceleration sensor 1 with 
which the forearm 3 side of a wrist was equipped, Y, and acceleration a' measured by 
the acceleration sensor 2 which equipped the back of (ax1, ay1, az1), and a hand 4 
with Z component, Y, and Z component are set to (ax2, ay2, az2). Since it is equipped 
with both two acceleration sensors 1 and 2 near the joint of a wrist at this time, the 
radius of gyration of rotation, such as dorsal flexion of a wrist and ulnar flexion, 
becomes small enough. 
[0026] 
[Equation 1] 

[0027] Moreover, by bringing two acceleration sensors 1 and 2 close, when performing 
rotation centering on certain one on space, the acceleration a produced in two 
acceleration sensors 1 and 2 and a can be made into an equal. Therefore, two 
acceleration components (ax1, ay1, azD and the relation of (ax2, ay2, az2) can be 
expressed like (4) types of several 1 inside using the rotational transform matrix Ryz. 
and it is shown in (5) and (6) type of the following several 2 inside — as — the palm 
from (4) types — the dorsal flexion angle phi and ******** theta were determined. 
[0028] 
[Equation 2] 

[0029] It equips with acceleration sensors 1 and 2 near the joint of both wrists 
respectively by making the upper person of golf into a test subject hereafter, and the 
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result of having actually measured the joint angle is shown. In addition, on the 
occasion of measurement, photography of swing of the test subject by the video 
camera was also performed, and it asked for the joint angle from the video image, and 
compared with the measurement result by acceleration sensors 1 and 2. In addition, 
since it was expected that it took a photograph and asked from one direction with a 
video camera, and the angle of a wrist was not fully then known, by one set of a video 
camera, from three directions (seeing from a test subject and seeing from the diagonal 
right front and a test subject a test subject's transverse plane, diagonal left front), 
time amount was shifted and golf swing was photoed. 

[0030] In that case, when there was no repeatability in swing of a test subject, 
semantics was lost to measure the angle of the wrist called for from the angle and 
acceleration of the wrist measured from the image photographed from three 
directions, but since the ability of enough of a test subject's golf in this experiment 
was in an upper person's level, it was assumed that repeatability was in swing. With in 
addition, the "address" of the golf term used below The thing in the condition (club 
head 7a is usually located near the ball 9 in this condition) of standing it still to swing 
initiation is pointed out. With "TOPPUOBU swing" Pointing out the moment that club 
head 7a moved to the highest location, and the body is twisted most, in case a golf 
club 7 is flung up, "impact" points out the moment swing down a golf club 7 and club 
head 7a and a ball hit. 

[0031] Drawing 5 thru/or drawing 8 are explanatory drawings which imitated and 
expressed the image of moments, such as the address in the video image photoed 
with the video camera, and impact, and when drawing 5 and drawing 6 are photoed 
from a test subject's transverse plane, drawing 7 and drawing 8 show the case where 
saw from the test subject and a photograph is taken from the diagonal right front, phi 
in drawing 5 and drawing 6 — a palm — theta in a dorsal flexion angle, drawing 7 , and 
drawing 8 is ********, and each inside A of drawing is an auxiliary line for asking for 
the angle of a wrist. In addition, illustration is omitted about the case where saw from 
the test subject and a photograph is taken from the diagonal left front. 
[0032] the time amount wave of the angle which calculated drawing 9 and drawing 1 0 
by the calculation method of the movement angle of a biaxial joint by the formula in 
said-two number (5), and (6) based on the detection output from acceleration sensors 
1 and 2 and an acceleration sensor 8 — it is — drawing 9 — the palm of 
right-and-left both hands — the dorsal flexion angle phi and drawing 10 show the 
temporal response of ******** theta of right-and-left both hands. Moreover, T1 in 
drawing 9 and drawing 10 is [ the moment of TOPPUOBU swing and T3 of T2 ] the 
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moments of impact at the time of swing initiation, and these [ T1 ] thru/or T3 are 
calculated with the output of said acceleration sensor 8 attached near the club head 
7a. 

[0033] Namely, T1 As for the time of day which the acceleration of a golf club 7 begins 
to increase from "0" (condition of the address), the time of day when, as for T2, 
acceleration is set to "0" in the commutation point of swing taking down from flinging 
up of a golf club 7, and T3, acceleration is called for with the collision with a ball as 
time of day when an absolute value decreases at the time of impact. 
[0034] the angle of the wrist called for from acceleration as a result of the 
above-mentioned experiment, and the angle of the wrist verified by the swing image 
— the palm of the left hand before and behind impact — except for the dorsal flexion 
angle phi, it was mostly in agreement (less than 10% of errors), and it became clear 
that this measurement method is effective. The result of having measured the angle 
( drawing 9 and drawing 10 ) of the wrist calculated by having used acceleration for the 
following table 1 by this invention method and the angle ( drawing 5 thru/or drawing 8 ) 
of the wrist measured from the image by the video camera is shown. The angle of each 
wrist which measured 12 times and was actually obtained was mostly in agreement 
with the angle shown in drawing 9 and drawing 10 (the less than 10% of the maximum 
errors). 
[0035] 
[A table 1] 

[0036] As mentioned above, since it became clear that the measurement method of 
the angle of the joint of the wrist of this invention using acceleration sensors 1, 2, and 
8 is effective by the experiment which made the' upper person of golf the test subject 
The angle of the wrist of an upper person (or the Nakagami class person) and a 
beginner in golf swing is measured using this measurement method. It experimented in 
the ability of a ball to be straightly flown constantly like an upper person, if a beginner 
corrects where of swing further about two or more different test subjects from the 
above-mentioned test subject, and it was examined about the correction method of 
swing of a beginner etc. Each test subject's golf history and a handicap are shown in a 
table 2. In addition, instruction of swing etc. was not performed beforehand but the 
test subjects 1 and 2 who are inexperienced in golf were made to swing freely. 
[0037] 
[A table 2] 



9 



[0038] First, since some defects were discovered by the test subject 1 by measuring 
the angle of both wrists, the point is described, drawing 1 1 — the palm of a test 
subject's 1 right-andHeft both hands — it is data which computed the dorsal flexion 
angle phi based on the acceleration detected by acceleration sensors 1 and 2, and like 
the above, at the time of swing initiation, it is T3 at the impact time and, as for T1, T2 
is the same at the moment of TOPPUOBU swing also in each following drawing. The 
angle of the wrist after the impact in this drawing 10 shows that the test subject 1 has 
not performed after impact the motion (the so-called list turn) that the left palm 
dorsal flexion angle phi becomes larger than the right palm dorsal flexion angle phi. 
When not performing this list turn, a ball flies rightward and becomes easy to die. 
[0039] Moreover, since the left palm dorsal flexion angle phi is small at the swing 
initiation time of drawing 1 1 and the right palm dorsal flexion angle phi is large, it turns 
out that it is suitable to put a ball on bodily left-hand side more in how to establish the 
beginning. Furthermore, although drawing 12 shows ******** theta of a test subject's 
1 right-and-left both hands, it is at- the swing initiation time of this drawing 12 , and 
since right-hand ******** theta is large, a test subject's 1 posture stands too much, 
or it turns out that it separates from a ball and there is a defect, such as having taken 
stance, in addition, the palm of the right-and-left both hands in drawing 1 1 and 
drawing 12 — it asks for the ideal angle of the dorsal flexion angle phi and ******** 
theta a condition [ that the angle of the wrist of the time of swing initiation and the 
moment of impact is in agreement, and the list turn being performed ], and its same is 
said of the ideal angle in each following drawing. 

[0040] Next, the result of having computed the angle of both the wrists of the test 
subject 2 who is a beginner based on acceleration to drawing 13 and drawing 14 is 
shown, the inside phi of drawing — a palm — a dorsal flexion angle and theta are 
******** and the same also in the following angle Figs. It being common in a beginner 
like test subjects 1 and 2 is that the left palm dorsal flexion angle theta has bent to 
minus (the back of a hand a palm direction) at the time of TOPPUOBU swing. If this 
motion occurs, since a swing orbit will not be stabilized, cautions are required. 
[0041] Moreover, the result of having computed the angle of both the wrists of the 
test subjects 3 and 4 who are upper persons (or the Nakagami class person) of golf 
respectively to drawing 1 5 , drawing 1 6 and drawing 17 , and drawing 18 based on 
acceleration is shown. It being common to these upper person is that the difference of 
the right palm dorsal flexion angle phi at the time of swing initiation and the right palm 
dorsal flexion angle phi at the time of impact is quite large compared with a beginner 
first. And the difference of right-hand ******** theta at the time of swing initiation 
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and right-hand ******** theta at the time of impact is a large thing compared with a 
beginner. From a motion of these two wrists, the upper person having done weight 
migration exactly compared with the beginner, and having caught the ball is expected. 
Thus, various motions under the location of the ball at the time of the address and 
whether weight migration is performed and swings have been grasped by measuring 
the angle of a wrist using acceleration sensors 1 and 2. 

[0042] the angle of the wrist called for from acceleration as mentioned above, and the 
angle of the wrist verified by the swing image — the palm of the left hand before and 
behind impact — except for the dorsal flexion angle phi, it was mostly in agreement 
(less than 10% of errors), and it was checked that this measurement method is 
effective. And since according to this measurement method it stands, there is also no 
limit of a location, the sense, etc. like an image processing and the large-scale 
equipment in a room unit like a magnetic field sensor is not needed, either, by 
attaching an acceleration sensor in a supporter etc., it can equip easily and there is an 
easily measurable advantage. 

[0043] In addition, although it attached and stated above when a wrist was equipped 
with an acceleration sensor and the angle of a wrist was detected, it is also possible to 
equip a knee and an elbow with an acceleration sensor further, and to correct more 
synthetic swing. Thus, if this invention is used, even if it does not especially receive a 
counselors lesson etc., swing is corrected and early progress can be expected. 
[0044] A set each of acceleration sensors 1 and 2 corresponding to [ drawing 1 9 is an 
example of the configuration of the equipment for performing swing analysis of the 
gestalt of this operation mentioned above, and ] right-and-left both hands, The 
acceleration sensor 8 attached in a golf club 7, and the amplifier 10 respectively 
connected to the output terminal of each [ these ] acceleration sensors 1, 2, and 8 
through a path cord, It consists of a personal computer (personal computer) 12 by 
which A/D converter 1 1 is connected with the A/D (analog/digital) converter 1 1 to 
which the output side of each amplifier 10 is connected. 

[0045] It is possible for the program for computing the angle of a wrist from the output 
of acceleration sensors 1 and 2 etc. to be installed in this personal computer 12 based 
on the formula (5) of the several 2 above-mentioned inside and (6), and for the wave 
shown in drawing 9 , drawing 10 , etc. when the test subject swung to be displayed on 
the screen of a personal computer 1 2 etc., and to save these analysis results or to 
print. In addition, based on the analysis result of a wrist angle, the above-mentioned 
program may have the function of being able to display the message which directs the 
location on which a ball is put to a test subject, as described above. 



11 



[0046] In addition, among each component shown in drawing 19 , if acceleration 
sensors 1, 2, and 8 other than personal computer 12, amplifier 10 and A/D converter 
11, and record media, such as CD-ROM which recorded the above-mentioned 
program, are sold as a kit of a lot, also at ordinary homes etc., this kit will be 
connected to a personal computer and it will become analyzable [ the golf swing only 
by only installing the above-mentioned program ]. 

[0047] Although the gestalt of the above-mentioned implementation explained the 
analysis of golf swing, it is also possible to analyze swing in the various athletic sports 
which hit a ball using game tools, such as gateball, tennis, and baseball, by the same 
method. 

[0048] Moreover, although there is an advantage which asks for the angle of joints, 
such as a wrist, based on acceleration, and the comparatively small acceleration 
sensors 1 and 2 tend to receive in this case with the gestalt of the above-mentioned 
implementation, it can also ask for a joint angle by the technique of the 
system-of-coordinates conversion mentioned above using various dynamic vectors, 
such as speed other than acceleration, angular velocity, angular acceleration, or a 
position vector. For example, what is necessary is just to attach two speed sensors 
instead of the acceleration sensors 1 and 2 in drawing 1 , when asking for the angle of 
a wrist based on speed. In addition, it cannot be overemphasized that a speed sensor 
etc. can be substituted also about the acceleration sensor 8 by the side of a golf club 
7. 

[0049] 

[Effect of the Invention] In the athletic sports which hit a ball with the 
above-mentioned game tools when the swing analysis method of claim 1 of this 
invention swings the game tools grasped by hand Set up the system of coordinates 
according to individual respectively on both sides of the joint [ / near a contestant's 
joint ] concerned during swing, and a dynamic vector is measured. When the vector in 
the both sides of this joint asks for whenever [ between the two above-mentioned 
system of coordinates / angular relation ] as an equal, it asks for the angle of the 
above-mentioned joint. By analyzing and examining how many [ a desirable joint angle 
and ] joint angles measured about each contestant since swing of the 
above-mentioned contestant is analyzed with this angle, have shifted It can set now 
right so that it can swing, while each contestant maintains a desirable joint angle. 
Thereby, based on scientific data, swing can be corrected exactly, without depending 
on an upper person's instruction based on experience, intuition, etc. 
[0050] The swing analysis method of claim 2 measures a dynamic vector near the part 
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which hits the ball in the above-mentioned game tools during swing in the method of 
claim 1, and since it asks for the moment game tools hit a ball based on this 
measurement value and asks for the angle of the joint in that moment, it becomes 
possible [ setting right so that a joint angle may turn into an exact angle at the 
moment of hitting a ball ]. 

[0051] The swing analysis method of claim 3 becomes possible [ setting right so that 
the angle of an especially important wrist may turn into a proper angle ], in order to hit 
a ball exactly, since the above-mentioned joint is a joint of a contestant's wrist in the 
method of claims 1 or 2. 

[0052] In claim 1 thru/or 3, in the method of a publication, the above-mentioned 
athletic sports are golf, and since [ either ] it asks for the angle of the joint of 
right-and-left both wrists, the swing analysis method of claim 4 can perform exact golf 
swing by correcting the angle of both wrists. 

[0053] In claim 1 thru/or 4, in the method of a publication, since [ either ] the 
above-mentioned vector contains speed, acceleration, angular velocity, angular 
acceleration, or a position vector, the swing analysis method of claim 5 can ask for the 
angle of a joint by the technique of coordinate transformation using the vector of 
arbitration among these, and can choose suitably the vector used for measurement of 
a joint angle according to the class of game, the class of available small sensor, etc., 
and it is suitable for it. 

[0054] The record medium of claim 6 is set to claim 1 thru/or the swing analysis 
method of any of 5, or a publication. Recorded the procedure for performing the 
operation procedure for asking for the angle of a joint based on the vector measured 
on both sides of the above-mentioned joint by computer. By installing the program on 
the record medium to apply in computers, such as a personal computer, since it is the 
record medium in which computer reading is possible The portion of data processing 
of the above-mentioned useful swing analysis method, especially a joint angle can be 
easily performed using a computer, and the called-for data of a joint angle can be 
displayed on the screen of a computer, or it can process printing etc. now easily. 
[0055] In the athletic sports which hit a ball with the above-mentioned game tools 
when the swing analysis equipment of claim 7 swings the game tools grasped by hand 
A 1st and 2nd measurement means to be respectively attached in the both sides of 
the joint [ / near the joint of the contestant under swing ] concerned, and to measure 
a dynamic vector respectively, Since it has a joint angle detection means by which set 
the system of coordinates according to individual as the both sides of the 
above-mentioned joint respectively, and the vector in the both sides of the joint 
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concerned calculates the angle of the above-mentioned joint in quest of whenever 
[ between the two above-mentioned system of coordinates / angular relation ] from 
the measurement value of the above-mentioned 1st and 2nd measurement means as 
an equal, like before It can be based neither on optical means nor the magnetic 
method, but a joint angle can be easily measured now only by equipping with the 
measurement means for detecting vectors, such as acceleration, near a contestant's 
joint, and the accuracy of measurement is also fully equal to practical use. 
[0056] It has a 3rd measurement means for the swing analysis equipment of claim 8 to 
be attached in the configuration of claim 7 near the part which hits the ball in the 
above-mentioned game tools, and to measure a dynamic vector. Since the 
above-mentioned joint angle detection means asks for the angle of the joint in the 
moment game tools hit a ball based on the measurement value of the 3rd 
measurement means The magnitude of the joint angle in the moment of hitting the ball 
in which the magnitude of a joint angle has important semantics can be measured, 
based on this measurement result, swing can be corrected so that a joint angle may 
serve as proper magnitude, and a skill rise can be aimed at now. 
[0057] Since the acceleration sensor which whose above-mentioned vector is 
acceleration in the configuration of claims 7 or 8 as for the swing analysis equipment 
of claim 9, and the above 1st thru/or the 3rd measurement means consist of an 
acceleration sensor respectively, and starts can obtain comparatively cheaply and 
easily the small thing with which it can equip near the joint of a contestant's body, it is 
suitable for it to use an acceleration sensor as a measurement means, when this 
swing analysis equipment is constituted. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline perspective diagram showing two acceleration sensors near 
[ in the swing analysis equipment in the gestalt of operation of this invention ] the 
wrist. 

[Drawing 2] The outline perspective diagram showing the acceleration sensor near [ in 
the above-mentioned swing analysis equipment ] the club head. 

[Drawing 3] Explanatory drawing showing rotation of the standard coordinates in the 
acceleration sensor near the wrist. 

[Drawing 4] Explanatory drawing showing rotation of the movement system of 
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coordinates in the acceleration sensor near the wrist. 

[Drawing 5] Explanatory drawing showing signs that use a video camera and a wrist 
angle is measured in order to compare with the wrist angle by the acceleration in the 
gestalt of this operation. 

[Drawing 6] Other explanatory drawings showing signs that use a video camera and a 
wrist angle is measured in order to compare with the wrist angle by the acceleration in 
the gestalt of this operation. 

[Drawing 7] Explanatory drawing of others [ pan / in which signs that use a video 
camera and a wrist angle is measured in order to compare with the wrist angle by the 
acceleration in the gestalt of this operation are shown ]. 

[Drawing 8] Another explanatory drawing showing signs that use a video camera and a 
wrist angle is measured in order to compare with the wrist angle by the acceleration in 
the gestalt of this operation. 

[Drawing 9] the palm in golf swing of an upper person — the graph which shows the 
result of having measured the dorsal flexion angle using acceleration. 
[Drawing 10] The graph which shows the result of having measured ******** in golf 
swing of an upper person using acceleration. 

[Drawing 1 1] the palm in golf swing of the test subject l .who is a beginner — the 
graph which shows the result of having measured the dorsal flexion angle using 
acceleration. 

[Drawing 12] The graph which shows the result of having measured ******** in golf 
swing of the test subject 1 who is a beginner using acceleration. 

[Drawing 13] the palm in golf swing of the test subject 2 who is a beginner — the 
graph which shows the result of having measured the dorsal flexion angle using 
acceleration. 

[Drawing 14] The graph which shows the result of having measured ******** in golf 
swing of the test subject 2 who is a beginner using acceleration. 

[Drawing 1 5] the palm in golf swing of the test subject 3 who is an upper person — the 
graph which shows the result of having measured the dorsal flexion angle using 
acceleration. 

[Drawing 16] The graph which shows the result of having measured ******** in golf 
swing of the test subject 3 who is an upper person using acceleration. 
[Drawing 17] the palm in golf swing of the test subject 4 who is the Nakagami class 
person — the graph which shows the result of having measured the dorsal flexion 
angle using acceleration. 

[Drawing 18] The graph which shows the result of having measured ******** in golf 
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swing of the test subject 4 who is the Nakagami class person using acceleration. 
[Drawing 19] Explanatory drawing showing an example of the configuration of 
swing analysis equipment for performing the method of the gestalt this operation. 
[Description of Notations] 
1 Two Acceleration sensor 
7 Golf Club (Game Tools) 
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